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(54) Tunable excitation and/or tunable detection microplate reader 


(57) A method and apparatus of analyzing samples 
contained in a microplate is provided. The instrument is 
capable of measuring fluorescence, luminescence, and/ 
or absorption within multiple locations within a sample 
well. The instrument is tunable over the excitation and/ 
or detection wavelengths. Neutral density filters are 
used to extend the sensitivity range of the absorption 


measuring aspect of the instrument. Due to the wave- 
length tuning capabilities of the instrument, the spectral 
dependence of the measured fluorescence, lumines- 
cence, and absorption of the materials In question can 
be analyzed. The combination of a data processor and 
a look-up table improve the ease of operation of the in- 
strument. Several different formats are available for the 
output data including creation of a bit map of the sample. 
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Description 

This application is related to European Patent Ap- 
plication Serial No. 96301774.4, filed March 15, 1996 
and published as EP'A-0732582, the entire disclosure 
of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present Invention relates generally to micro- 
plate readers and, more particulary, to a method and ap- 
paratus for measuring the luminescence, fluorescence, 
and absorption of a sample in which the excitation and/ 
or detection wavelengths are tunable. 

In the biotechnical field, the fluorescence and lumi- 
nescence properties of samples are routinely meas- 
ured. Furthermore, it Is often desirable to use a fluores- 
cent probe or dye to mark a particular biological struc- 
ture such as a malignant tumor or a specific chromo- 
some in a DNA sequence, and then use the fluorescent 
probe or dye as a means of locating the structure. A va- 
riety of devices have been designed to read fluorescent- 
labeled samples. 

In general, a device designed to read and/or image 
a fluorescent-labeled sample requires at least one light 
source emitting at one or more excitation wavelengths 
and means for detecting one or more fluorescent wave- 
lengths. Typically a device designed to read and/or im- 
age a luminescent sample requires means for detecting 
one or more wavelengths as well as means for adding 
one or more reagent lines. Reagents are typically added 
to the sample in order to initiate the luminescence phe- 
nomena. A device designed to measure sample absorp- 
tion requires means for determining the amount of light 
transmitted through the sample in question. Further- 
more, it is often desirable to determine the wavelength 
dependence of the transmittance. 

In U.S. Patent No. 5,290,419. a multi-color fluores- 
cence analyzer is described which irradiates a sample 
with two or more excitation sources operating on a time- 
shared basis. Band pass filters, image splitting prisms, 
band cutoff filters, wavelength dispersion prisms and di- 
chroic mirrors are use to selectively detect specific emis- 
sion wavelengths. 

In U.S. Patent No. 5.213.673, a multi-colored elec- 
trophoresis pattern reading apparatus is described 
which irradiates a sample with one or more light sourc- 
es. The light sources can either be used individually or 
combined into a single source. Optical filters are used 
to separate the fluorescence resulting from the in'adia- 
tion of the sample into a plurality of fluorescence wave- 
lengths. 

In U.S. Patent No. 5,190,632, a multi-colored elec- 
trophoresis pattern reading apparatus is described in 
which one or more light sources are used to generate a 
mixture of light capable of exciting two or more fluores- 
cent substances. Both optical filters and diffraction grat- 
ings are used to separate the fluorescence by wave- 


length. 

In U.S. Patent No. 5,062,942. a fluorescence detec- 
tion apparatus is described in which a fluorescent light 
image is separated into a plurality of virtual images. 

s Bandpass fitters are used to separate the virtual images 
by wavelength. 

In an article by Cothren etal. entitled "Gastrointes- 
tinal Tissue Diagnosis by Laser-Induced Fluorescence 
Spectroscopy at Endoscopy," Gastrointestinal Endos- 

10 copy 36 (2) (1 990) 105-111 , the authors describe an en- 
doscopic system which is used to study autofluores- 
cence from living tissue. The excitation source is mon- 
ochromatic with a wavelength of 370 nanometers. Op- 
tical fibers are used to collect the fluorescence emitted 

15 by the irradiated tissue. Emission spectra are collected 
from 350 to 700 nanometers using an imaging spec- 
trograph coupled to a gated optical multi-channel ana- 
lyzer A similar autofluorescence system was described 
by Andersson etal. in "Autofluorescence of Various Ro- 

20 dent Tissues and Human Skin Tumour Samples." La- 
sers in Medical Science 2 (41 ) (1 987) 41 -49. 

Fluorescence analyzers in general suffer from a 
number of performance disadvantages. For example, 
typically such systems have a very limited selection of 

25 available excitation wavelengths; detection is generally 
limited to discrete wavelength bands; the systems nor- 
mally do not have the ability to measure luminescence 
and/or absorption; samples must be contained in one of 
only a few configurations; and if microplates are used. 

30 it is not possible to obtain multiple readings within a sin- 
gle sample well. 

From the foregoing, it is apparent that a microplate 
reader is desired which can measure the wavelength 
dependence of the fluorescence, luminescence, and 

35 absorption properties of a sample at multiple locations 
within a single sample well of a microplate. 

SUMMARY OF THE INVENTION 

40 The present invention provides a microplate reader 
capable of making readings within multiple locations 
within each sample well of the microplate. The appara- 
tus measures fluorescence, luminescence, and absorp- 
tion at each selected location. The excitation and/or de- 

45 tectlon wavelength is tunable, thus allowing the wave- 
length dependence of the various properties to be de- 
termined. 

The tuning section of the excitation and/or detection 
subassemblies can utilize dispersive elements, diffrac- 

50 tive elements, filters, or interferometers. Examples of 
dispersive and diff ractive elements are prisms and grat- 
ings, respectively. Examples of filters are short pass fil- 
ters, long pass filters, notch filters, variable filters, acou- 
sto-optic filters, polarization filters, interference filters 

55 based on continuously varying film thickness, and tun- 
able liquid crystal filters. Examples of interferometers in- 
clude Fabrey-Perot etalons and common path Interfer- 
ometers. 
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In one embodiment of the invention, the user inputs 
the type of sample container, i.e., a microplate with 6, 
12, 24, 48, 96. or 384 wells. The user can also select to 
analyze a gel or a storage phosphor plate. Once the type 
of sample and sample container are selected, the user ^ 
enters the number of locations per sample well which 
are to be analyzed. The user can either select to use a 
predetermined test pattern or specify the actual testing 
locations. The user can also select to run a pseudo-con- 
tinuous test pattern in which the microplate is moved in 
a serpentine pattern during analysis, thus mapping out 
the entire microplate. 

A further understanding of the nature and advan- 
tages of the present invention may be realized by refer- 
ence to the remaining portions of the specification and 
the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration of one embodiment of the 
invention; 

Fig. 2 is an illustration of one aspect of the optical 
train in one embodiment off the invention; 
Fig. 3 is an (Itustration of a Pellin-Broca prism; 
Fig. 4 is an illustration of a wavelength dispersive 
system using a grating; 

Fig. 5 is an illustration of a dual filter wheel approach 
to obtaining wavelength tunabllity; 
Fig. 6 is an illustration of a SAGNAC interferometer; 
Fig. 7 is an illustration of a monolithic Interferom- 
eter; 

Fig. 8 is an illustration of the cross-section of a multi- 
well microplate containing 6 wells; 
Fig. 9 is a functional block diagram of an alternate 
embodiment in which the user can specify the ac- 
tual locations within a sample well at which testing 
is to be performed; 

Fig. 1 0 is an illustration of two scanning patterns for 
a 6 well microplate; 

Fig. 1 1 shows a functional block diagram of one em- 
bodiment of the detection system; 
Fig. 12 shows an alternate embodiment of the de- 
tection system; and 

Fig. 1 3 shows a third embodiment of the detection 
system. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 is an illustration of an embodiment of the in- 
vention. A sample 101 can be any of a variety of mate- 
rials which have been treated with a fluorochrome dye 
or probe. Sample 101 can also be a sample which ex- 
hibits autofluorescence or luminescence. Sample 101 
can also be a sample on which only a subset of the pos- 
sible tests are to be performed, for example absorption. 
Sample 101 is housed in a temperature controlled incu- 
bator 102. 

Sample 101 is hekJ in place for testing by a holding 


fixture 103. A wide variety of samples can be held in 
fixture 1 03 with few, if any, fixturing adjustments. For ex- 
ample, 6, 12, 24, 48, 96, and 384 well microplates can 
be interchangeably used with this fixture. Gel plates and 
storage phosphor plates can also be used with this fix- 
ture. 

A tight source 1 05 illuminates sample 101 . If desired 
for a specific test, for example luminescence measure- 
ments, light source 105 can be deactivated. Although 
preferably the wavelength range of light source 105 is 
from approximately 250 nanometers (i.e., ultraviolet ra- 
diation) to 2 micrometers (i.e., infrared radiation), a 
smaller subset of this range is adequate for most 
present applications. Light source 105 can be a single 
source, for example a xenon arc lamp with a relatively 
flat output from approximately 320 to 700 nanometers. 
By changing the fill gas (e.g., argon instead of xenon), 
the temperature of the fill gas, and the material compris- 
ing the lamp envelope, different wavelength bands are 
obtainable. Light source 105 can also be a laser oper- 
ating at one or more wavelengths. To obtain a broader 
wavelength band, the output of two or more sources can 
be combined. Beam splitters or optical fibers can be 
used to combine the outputs of the individual sources. 
It is possible to combine the outputs of the individual 
sources such that all sources emit simultaneously and, 
in the case of multiple laser sources, colinearly. Howev- 
er, in the preferred embodiment either the user or the 
system in automatic mode determines the appropriate 
wavelength or wavelength band for the selected appli- 
cation and activates the appropriate source. 

The radiation emitted by source 105 passes 
through a tuning section 107 and focussing optics 109 
prior to irradiating sample 101 . Fluorescence and/or lu- 
minescence is imaged onto a detector 1 1 1 after passing 
through imaging optics 113 and a tuning section 115. 
Detector 1 1 1 and associated optics 1 1 3 and tuning sec- 
tion 1 1 5 can be mounted in a variety of locations in order 
to optimize performance, including both above and be- 
low sample 101. 

A second detector 117 is mounted below sample 
1 01 and is used for absorption measurements. Detector 
117 can be operated either independently of or simulta- 
neously with detector 111. Light from source 105 pass- 
ing through sample 101 is imaged onto detector 117 by 
imaging optics 119. Prior to being imaged, the transmit- 
ted radiation passes through a neutral density (hereaf- 
ter, ND) filter 1 21 . The value for the ND filter 1 21 is se- 
lected by the user (or by the system when operated in 
automatic mode), thus allowing detector 11 7 to measure 
a broad range of transmlttances while operating in its 
optimal sensitivity range. 

Fixture 103 is coupled the a pair of positioners 123. 
Positioners 123 allow sample 101 to be moved In two 
orthogonal directions (i.e., X and Y) with respect to 
source 105, detector 111, and detector 117. Although in 
this embodiment sample 101 is moved, it is also possi- 
ble to move the source and the detector(s) and keep the 
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sample stationary. In this alternate embodiment, fiber 
optics can be used to provide a flexible optical light de- 
livery and detection system. 

Although the system can be controlled manually 
preferably a data processor 125 is used to control the 
various aspects of the system as well as store the output 
data from the detectors. In the preferred embodiment, 
processor 125 is coupled to tuning sections 107 and 
115, ND filter system 121, light source 105, focussing 
optics 109, detectors 111 and 117, and positioners 123. 
Processor 125 also controls the temperature of incuba- 
tor 102. Although processor 125 can be used to store 
the raw data from the detectors, preferably processor 
1 25 places the data in a user defined format. Preferably 
processor 1 25 also controls the system gain settings, 
the sampling time, and the delay if any, between the 
source flash and the sampling period. 

The present invention can be used for investigating 
both fluorescence and luminescence phenomena. Typ- 
ically for fluorescence measurements, a probe is at- 
tached to the area of interest, for example a specific 
chromosome region. Currently the number of useful 
dyes Is relatively limited. In order to Increase the number 
of probes that may be imaged in a given experiment, 
combinatorial fluorescence approaches have been de- 
veloped. In a combinatorial approach fluorescent report- 
er groups are used either singularly or in combination. 
The table below illustrates how three fluorescent report- 
ers, A. B, and C can be used for up to seven probes. 
The number of detectable probes can be Increased to 
fifteen with four fluorophores and to twenty six with five 
dyes. 


Probe Number 

Reporter Combination j 

1 

A 1 

2 

B 

3 

C 

4 

A+B 

5 

B+C 

6 

A+C 

7 

A+B+C 


Although a number of techniques for illuminating 
sample 101 can be used with the present invention. Fig. 
2 illustrates a specific configuration which is well suited 
for investigating fluorescence pheriomena. Light emit- 
ted from a source 201 first passes through optional 
broadband filter 203. Filter 203 is used to remove large 
bands of undesirable radiation. For example, filter 203 
can be used to remove IR radiation. The light then pass- 
es through a tuning assembly 204 which passes the 
wavelength band of interest. Depending upon the appli- 
cation, assembly 204 can be as simple as an optical fil- 
ter, or as complex as a continuous wavelength tuning 


system. In this embodiment, after the light passes 
through assembly 204, the light impinges on a beam- 
splitter 205 which reflects the desired wavelengths. For 
example, beamsplitter 205 may only reflect those wave- 

5 lengths necessary to excite a selected fludrochrome. 
The reflected radiation then passes along light path 207, 
through condensing optics 209, and impinges on sam- 
ple 21 1 . The incident light causes the fluorochromes on 
the various probes to fluoresce, the emitted fluores- 

10 cence following path 21 3. Also following path 21 3 is light 
which was scattered by sample 211. In order to accu- 
rately measure the emitted fluorescence, the scattered 
radiation is removed. The light leaving sample 211 and 
following path 21 3 is incident on beamsplitter 205. Since 

15 the reflection coating on beamsplitter 205 is designed 
to reflect those wavelengths necessary for exciting the 
selected fluorochromes white passing all other radia- 
tion, beamsplitter 205 removes the scattered light by re- 
flecting it away from path 213 while passing the emitted 

20 fluorescence. The emitted fluorescence is further fil- 
tered using filter 215. At this point the light is ready for 
spectral dissection and detection. 

In the preferred embodiment of the invention, both 
the wavelength and the bandwidth of the excitation ra- 

2S diation as welt as the wavelength and the bandwidth 
monitored by the detectors are tunable. Although spe- 
cific applications may require only the ability to control 
the wavelength of either the excitation or the detection 
subsystems, by providing control of both it is easy to ob- 

30 tain a detailed spectral analysis of a sample. In an alter- 
nate embodiment of the invention, complete tunability is 
only provided in one subsystem (i.e., excitation or de- 
tection subsystem), while course tuning (e.g., using a 
set of filters) is provided in the other subsystem. 

35 A number of techniques can be used for spectral 
discrimination with either the excitation or detection sub- 
systems. These techniques fall into four categories: dis- 
persive elements, diffractive elements, interferometric 
elements, and filters. 

40 A prism is a dispersive element which, In its stand- 
ard form, is non-linear as a function of deviation. This 
non-linearity results in a rather complex optical appara- 
tus design. Therefore to minimize the complexity of the 
optical design, it is preferable to use a constant deviation 

45 dispersing prism such as the Pellin-Broca prism shown 
in Fig. 3. In this type of prism a single monochromatic 
ray 301 will pass through the prism and exit at a devia- 
tion of 90 degrees from the initial incident beam 303. All 
other wavelengths will emerge from the prism at differ- 

50 ent angles. By rotating the prism along an axis normal 
to the plane of the image in Fig. 3, the incoming ray will 
have a different angle of incidence and a different wave- 
length component will exit the prism at a deviation of 90 
degrees. This type of prism obviously simplifies the de- 

55 sign of the apparatus since the system can operate at 
a fixed angle and the wavelength can be tuned by rotat- 
ing the prism. 

A grating can also be used to spectrally disperse 
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the emitted fluorescent spectra. Fig. 4 shows one con- 
figuration of a wavelength diffractive systenn comprising 
grating 401 , folding mirror 403, entrance and exit slits 
405, and aperture 407. The wavelength is tuned by ro- 
tating grating 401 . The bandwidth of this system is a 
function of the grating groove spacing, the aperture di- 
ameter, and the distance between the aperture and the 
grating. In the preferred configuration of this embodi- 
ment multiple gratings are used which can be remotely 
selected depending upon the wavelength region of in- 
terest. Using multiple gratings insures that sufficient ra- 
diation is collected within all of the spectral bands of in- 
terest. 

Another approach to tuning the wavelength in either 
the excitation or detection sections of the invention is 
through the use of optical filters. In Fig. 5 a filter wheel 
501 contains a series of filters with a short pass edge 
white a filter wheel 503 contains a series of filters with 
a long pass edge. Therefore both the wavelength as well 
as the bandwidth is determined by the choice of filters. 
For example, by selecting a short pass filter of 450 na- 
nometers and a long pass filter of 470 nanometers a 20 
nanometer band centered at 460 nanometers is select- 
ed. In order to insure that the wavelength is continuously 
tunable, filter wheels 501 and 503 not only rotate to allow 
the selection of a particular filter, but they also can be 
rotated about axes 505. This results In the filters being 
tilted with respect to optical axis 507. As the filters are 
tilted off-axis their wavelength characteristics gradually 
change. 

Another approach to tuning the wavelength is to use 
variable filters. Circular variable filters are simply inter- 
ference filters in which the film thickness varies linearly 
With the angular position on the substrate. An embodi- 
ment using circular variable filters would be similar in 
appearance to the configuration shown in Fig. 5 except 
that filter wheels 501 and 503 are replaced with the cir- 
cular variable filters. Depending upon the position of 
each filter wheel and the tilt along axes 505, any wave- 
length can be chosen. By controlling the amount of light 
illuminating the filters, through the use of slits, the band- 
width can also be controlled. 

In another embodiment, a Fabrey-Perot etalon tun- 
able filter can be used to tune the wavelength of the ex- 
citation and/or detection sections of the invention. In this 
embodiment it is generally preferable to eliminate most 
of the desired wavelengths using a bandpass filter. Then 
the fine tuning is performed using the Fabrey-Perot sys- 
tem. In a variation of this system, ferroelectric liquid 
crystal devices can be inserted into the interference fil- 
ters of the Fabrey-Perot etalon. This design is capable 
of high throughput as well as rapid fine tuning of the sys- 
tem. 

The preferred embodiment of the emission detec- 
tion system is shown in Fig. 6. In this embodiment the 
radiation 601 emitted by the sample is first filtered to 
remove much of the undesired wavelength spectra us- 
ing an optical filter 602. After filtering, radiation 601 en- 


ters a SAGNAC Interferometer 603. SAGNAC interfer- 
ometer 603 is comprised of a beam splitter 605 and turn- 
ing mirrors 607. Wavelength selectton Is accomplished 
by controlling the optical path difference of the interfer- 

5 ometer. Adjustable slit 609 controls the bandwidth. Op- 
tics 61 1 focus the radiation passing through the interfer- 
ometer and produce a real image onto detector 61 3. In 
this embodiment detector 61 3 is a CCD array and there 
is a one to one correspondence between the sample 

10 and the projected image of the sample. 

As illustrated in Fig. 6, beamsplitter 605 divides the 
Incoming light Into two separate beams. These beams 
are recombined to form an interference pattern at de- 
tector array 613. The pattern's intensity at each pixel of 

IS array 613 varies with the optical path difference. By 
measuring the intensity versus the optical path differ- 
ence, an interferogram is created. In order to recover 
the wavelength spectra at each pixel of ao'ay 61 3, a Fou- 
rier transfomn of each interferogram is calculated, pref- 

20 erably using processor 125. 

Fig. 7 illustrates a monolithic form of an interferom- 
eter 700. The monolithic Interferometer is more immune 
to vibration, misalignment, and thermal effects than oth- 
er interferometer configurations. This form of interfer- 

25 ometer has a very large acceptance angle. 

Interferometer 700 is comprised of a first piece of 
glass 701 bonded to a second piece of glass 703 along 
the plane of a beamsplitter coating 705. Light Is Incident 
on the interferometer atong path 707. When this light ray 

30 hits beamsplitter coating 705, the ray is split into two 
rays, one ray following path 709 and the other ray fol- 
lowing path 711. After being reflected by interferometer 
mirrors 71 3, the rays exit the optic along paths 715 sep- 
arated by a distance 717. 

35 In at least one embodiment of the invention, light 
source 1 05 can be temporarily disabled so that lumines- 
cence measurements can be performed. Source 105 
can either be disabled manually through user selection, 
or automatically by processor 1 25 when a luminescence 

40 test is selected. After disablement of source 105, rea- 
gents from one or more reagent lines can be dispensed 
into sample 101 . Preferably the reagents are dispensed 
within distinct wells of a multi-well microplate. The time 
between dispensing the reagents and taking a reading 

4S is adjustable. 

In at least one embodiment of the invention, absorp- 
tion measurements are made using detector 11 7. in this 
embodiment a specific wavelength band for the excita- 
tion radiation is selected using tuning section 107. By 

50 measuring the amount of light transmitted through sam- 
ple 101, the absorption characteristics of sample 101 
can be determined, in order to achieve a wide range of 
measurement sensitivity a series of ND filters 121 are 
interposed between sample 101 and detector 117. Pref- 

55 erably ND fitters 121 are contained in a filter wheel. In 
one configuration, processor 1 25 detemnines the appro- 
priate ND filter based on the output of detector 117. In 
an alternate configuration, a secondary detector (not 
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shown) is placed in close proximity to detector 117. The 
secondary detector is less sensitive to overexposure 
and therefore can be used to select an appropriate ND 
filter 1 21 , thus minimizing the risk of damaging detector 
117. 5 

Samples 101 contained in a variety of sample con- 
tainers can be analyzed with the present invention. Fig. 
8 is an illustratbn of the cross-section of a typical micro- 
plate 801 containing 6 sample wells 803. Inamicroplate 
of this type, each well 803 contains an individual spec- 
imen. After sample preparation, microplate 801 is 
placed within holding fixture 103. The preferred embod- 
iment of the present invention is capable of utilizing mi- 
croplates with 6, 12, 24, 48, 96. or 384 wells. The pre- 
ferred embodiment can also analyze gels and storage 
phosphor plates. Preferably, the user enters the desired 
sample configuration into processor 1 25. Processor 1 25 
then determines the appropriate sample reading strate- 
gy based on the user selected configuration. 

The present invention is capable of analyzing sam- 
ple 101 at multiple locations within each individual sam- 
ple well. In other words, If a 6 well microplate is selected, 
such as the mbroplate illustrated In Fig. 6, the user is 
able to obtain fluorescence, luminescence, and absorp- 
tion information (depending upon the configuration of 
the invention) at multiple locations within each sample 
well 803. 

In one embodiment of the invention, the user spec- 
ifies the sample configuration (e.g., a microplate with 6 
wells) and the number of locatbns within each well to 
be tested. In this embodiment, data processor 125 de- 
termines the locations of the testing based on a prede- 
termined test pattem. For example, if the user selects 
four sample locations and a 6 well microplate, processor 
125 would then test each sample well at four locations 
805. 

Fig. 9 is a functional block diagram of an alternate 
embodiment in which the user can specify the actual lo- 
cations within a sample well at which testing is to be 
performed. Preferably, processor 1 25 is coupled to a us- 
er interface 901 such as a keyboard. Processor 125 is 
also coupled to a monitor 903. After the user selects a 
sample configuration using interface 901 , a schematic 
representation of the selected sample configuration Is 
presented on monitor 903. The user then Indicates a 
specific sample well to be analyzed using interface 901 . 
Aftemativety, the user can indicate the sample well of 
interest using a pointing device 905 (e.g., a mouse). In 
the preferred embodiment, once a sample well has been 
selected, monitor 903 presents a magnified view of a 
single well. The nnagnified view makes it easier for the 
user to indicate the areas for measurement. The user 
indicates the specific areas within the selected sample 
well which are to be analyzed using either interface 901 
or pointing device 905. After the locations have been 
entered, the system can then be programmed to either 
analyze only the selected sample well or to use the 
same locatbns for measuring every sample well within 


the microplate. These locations may also be stored for 
later use with subsequent microplates. 

In an alternate configuration, after a sample plate 
has been analyzed, the resultant data is presented on 
monitor 903. For example, the user can specify that ab- 
sorption readings are to be taken at four locations within 
each sample well of a 6 well microplate. After analysis, 
processor 1 25 would present on monitor 903 the optical 
density readings at each analyzed location for each well. 
The user can then select to have additional readings 
made on new testing locations by indicating the new lo- 
cations using interface 901 or pointing device 905. 

In an alternate embodiment of the invention, the 
processor performs a pseudo-continuous analysis of 
sample 101. In this embodiment after the user selects 
the sample configuration, the step size between succes- 
sive locations as well as the sampling time are selected. 
If desired, for example to locate areas of Interest within 
each sample well, the system can be placed in a con- 
tinuous mode. In this mode readings are taken in a con- 
tinuous fashion as the system scans through the micro- 
plate. Preferably the processor is configured to allow the 
user to select the total number of scanning passes, thus 
detemnining how many scanning passes per sample 
well are performed. If desired, and depending upon the 
selected illumination beam size, the system can also be 
configured to scan the microplate with an overlapping 
pattern. Utilizing this scanning configuration, subse- 
quent passes through a sample well overlap by a pre- 
determined amount the previous passes through the 
same sample. 

Fig. 1 0 is an illustration of two scanning patterns for 
a 6 well microplate. In pattern 1001 a series of finely 
spaced readings are made such there are two passes 
for each sample well. In this example for each pass 
through each sample well, 10 readings are made. Pat- 
tern 1003 is a continuous pattern in which the readings 
are made in a serpentine fashion. Pattern 1003 allows 
three passes per sample well. 

The depth of focus of the illumination beam is con- 
trolled by optics 109. The depth of focus of the beam 
can be used as a means of controlling the signal-to- 
noise (i.e., S/N)ratioof the system. For example in some 
samples such as gels, the concentration of the fluoresc- 
ing material may vary vertically within the sample. 
Therefore by controlling the depth of focus it is possible 
to optimize the location and size of the collection vol- 
ume, thus maximizing the S/N ratio. 

The diameter of the illumination beam is controlled 
by optics 109. In one embodiment of the invention, the 
beam diameter is large compared to the diameter of a 
single sample well. Thus a large portion of the sample 
well is irradiated. In this embodiment the detector mon- 
itoring the sample (i. e. . either detector 1 1 1 or 1 1 7) Is also 
large in comparison to the sample well diameter As a 
result of this configuration, the measurement of a single 
sample well yields an average value for the cell, either 
in terms of average fluorescence or average absorptbn. 
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In an alternate embodiment of the invention, al- 
though the illumination beam diameter is large, the de- 
tector diameter is small. In this embodiment the position 
of the detector is independent of that of the illumination 
beam. Thus a user is able to position the detector to take s 
readings of a specific point within a sample cell without 
moving the illumination beam. 

In an alternate embodiment of the Invention, the il- 
lumination beam diameter is large compared to the di- 
ameter of the sample well and the detector is comprised 
of a plurality of individual pixels. In this configuration the 
user is able to simultaneously obtain readings for loca- 
tions throughout the sample well, the measurement lo- 
cations being defined by the pixel locations. 

In an alternate embodiment of the invention, the il- 
lumination beam diameter is small compared to the di- 
ameter of the sample well. The diameter of the detector 
in this embodiment is either on the same order as that 
of the illumination beam, or larger than the illumination 
beam. In this configuration the position of the illumina- 
tion beam determines the area within the sample well 
which is to be interrogated. 

In the preferred embodiment of the invention optics 
109 is controlled by processor 125. This embodiment 
allows a user, through user interface 901 , to vary the 
beam diameter and/or the depth of focus depending up- 
on the desired application and/or the detector configu- 
ration. If the apparatus Is operated In the automatic 
mode, processor 125 can be used to vary the diameter 
of the beam and/or the depth of focus depending upon 
the testing configuration entered by the user. Therefore 
if the user entered testing configuration is a 384 sample 
well microplate, processor 125 causes the beam diam- 
eter to be smaller than if the microplate configuration is 
a 6 sample well microplate. In an alternate automatic 
mode, the beam diameter may remain constant regard- 
less of the microplate configuration due to limitations im- 
posed by the detector size. However, processor 125 
may still be used to automatically vary the beam diam- 
eter depending upon the selected test. For example, the 
detector used for absorption measurements may be of 
a larger diameter than the detector used for fluores- 
cence measurements. Thus processor 125 would vary 
the beam diameter accordingly. 

The present invention can be used to determine the 
fluorescence, luminescence, or absorption at a specific 
wavelength or band of wavelengths for a specific loca- 
tion on a sample, this information being provided to the 
user in the form of a detector output signal. However, in 
the preferred embodiment of the invention, an image of 
the sample is formed and presented to the user on a 
monitor It is not required that the apparatus have the 
capability to form an image of both the fluorescence and 
luminescence information as well as the absorption in- 
formation. Rather, it may be desirable to form an image 
based on only one of these measurements while provid- 
ing the user with a simple Value" for the other measure- 
ments. 


In the preferred embodiment detector 111 is a 
charge coupled device (CCD) array Fig. 11 is an illus- 
tration of one aspect of the invention in which sample 
101 Is irradiated by source 1 05, the source radiation first 
being focussed by optics 109. The emissions from sam- 
ple 101 are collected and focussed by optics 113 onto 
detector array 1 1 1 . Fig. 1 1 does not illustrate any of the 
system's wavelength tuning capabilities nor does it illus- 
trate either the luminescence or absorption measure- 
ment capabilities. One skilled in the art will recognize 
that a similar technique could be used to image either 
of these other quantities. In this embodiment there is a 
one-to-one correspondence between sample 101 and 
the image detected by detector 111 . Thus a first portion 
of sample 1 is imaged onto a first pixel; a second portion 
of sample 1 is imaged onto a second pixel, etc. 

Once the spectral data for each pixel of array 111 
has been determined, processor 125 can be used the 
generate a variety of useful images on monitor 903. For 
example, if probes are being used to map chromosome 
regions, the probes can be viewed either individually or 
in a variety of combinations, including showing all iden- 
tified probes simultaneously Thus, If at least five differ- 
ent dyes are used, it Is possible to create a karyotype 
with each chromosome individually identified. Since 
many of the probes will contain multiple dyes (i.e., com- 
binations of dyes in a single probe), pseudo-coloring can 
be used to simplify the presented image. In this scheme 
each probe is assigned an easily distinguishable color. 
For example, if three dyes were used to form seven 
probes, four of the probes would be formed by some 
combination of dyes. By assigning each probe, including 
those with multiple dyes, an individual color, the image 
presented to the user Is quite simple and straightfor- 
ward. The processor can also be used to enhance the 
image as well as provide intensity profiles (e.g., different 
colors assigned to different measured intensities). 

Fig. 12 shows an alternate embodiment of the de- 
tection system. In this embodiment optics 113 focus the 
emission from a first portion of sample 1 01 onto a single 
detector 111. Detector 111 may be a CCD. a cooled 
CCD, a photomultiplier tube, a silicon photodiode, or any 
other detector which is sensitive to the wavelengths of 
interest. By raster scanning either focussing optics 113 
or sample 101, different portions of sample 101 are se- 
rially focussed onto detector 111. Processor 125 then 
reconstructs an image of sample 101 which can be dis- 
played on monitor 903. 

Fig. 13 shows a third embodiment of the detection 
system. In this embodiment radiation from source 105 
is focussed by optics 1 09 onto a small portion of sample 
101. Emitted radiation of this portion of sample 101 is 
then captured and focussed by optics 11 3 onto detector 
111 . Sample 101 is raster scanned, thus allowing an en- 
tire image to be serially captured and recorded. This em- 
bodiment is especially beneficial when weak probes are 
used, since both the excitation radiation and the emitted 
fluorescence are focussed. 


IS 


20 


25 


30 


35 


40 


45 


SO 


7 


13 


EP0 841 557 A2 


14 


In at least one embodiment of he Invention, proces- 
sor 125 includes a look-up table. The look-up table per- 
forms a series of functions. First, the look-up table can 
instruct the user as to the optimum system operating pa- 
rameters (I.e., excitation and emission wavelengths, ex- 
citation and emission bandwidths, illumination beam di- 
ameter, sampling time, sample scanning configuration, 
ND filter requirements, etc.) for a specific experimental 
configuration. Second, the look-up table in combination 
with processor 1 25 can be used to compensate for var- 
iations in the system. For example, the user may want 
to distinguish between the quantities of two different flu- 
orescing substances within the sample. The user would 
most likely be in error to rely simply on the relative in- 
tensities of these two different substances. This is be- 
cause each element of the optical train, from the source 
to the detector, is likely to exhibit some degree of wave- 
length dependence. All of this variational information 
can be programmed Into the look-up table. Then, if de- 
sired, the system can automatically correct the final im- 
age for these variations. 

Processor 125 can be used in conjunction with a 
peaking algorithm to optimize the system's output. 
Peaking allows the user to compensate for the environ- 
mental sensitivity of a label, this sensitivity resulting In 
fluorescence spectral shifts. In practice, the user can ei- 
ther chose the initial settings for the excitation and emis- 
sion detection wavelengths as well as the bandwidths 
of each, or the user can allow the system to automati- 
cally chose these settings on the basis of the selected 
dye or probe (relying on infomnation contained in a look- 
up table). If the user next selects through interface 901 
that the signal be peaked, the system will automatically 
peak the signal using the peaking algorithm. In the pre- 
ferred embodiment algorithm is a simple set of feedback 
loops. The signal from the detector is monitored while 
the source wavelength, the emission detection wave- 
length, and the bandwidth of both the source and detec- 
tion system are varied around the initial settings. This 
peaking process can either be performed for a set 
number of times or the difference between the signal- 
to-noise measured at the previous setting and that 
measured for the currently "peaked" setting can be mon- 
itored with the process being automatically stopped 
when the difference becomes less than some prede- 
fined value. 

As will be understood by those familiar with the art, 
the present invention may be embodied in other specific 
forms without departing from the spirit or essential char- 
acteristics thereof. Accordingly, disclosure of the pre- 
ferred embodiment of the invention is intended to be il- 
lustrative, but not limiting, of the scope of the invention 
which is set forth in the following claims. 


Claims 

1 . A muttilabel counting apparatus, comprising: 


a sample holding stage; 
a source for illuminating a sample within said 
sample holding stage with radiation within a 
first band of wavelengths, wherein said first 
s band of wavelengths is a subset of the emit- 

tance of said source, said first band of wave- 
lengths selected by a first wavelength band se- 
lection system; 

at least one projection optic for focussing said 
10 radiation from said source onto a portion of said 

sample; 

a detector for detecting emissions from said 
sample, wherein a second wavelength band 
selection system determines the wavelength 

15 band of sample emissions detected by said de- 

tector, and wherein said detector generates a 
plurality of output signals dependent upon the 
intensity of said emissions within said selected 
sample emission wavelength band; and 

20 a moving mechanism for moving the relative 

positions of said sample holding stage, said 
source, and said detector, wherein said moving 
mechanism albws said detector to detect emis- 
sions from a plurality of locations within said 

25 sample. 

2. The multilabel counting apparatus of claim 1, 
wherein said sample Is comprised of a multiple well 
microplate containing a plurality of sample wells. 

30 

3. The multilabel counting apparatus of claim 2, 
wherein said plurality of sample well contains a 
number of wells selected from the group consisting 
of 6, 12. 24. 48. 96, and 384 wells. 

35 

4. The multilabel counting apparatus of claim 2, 
wherein said sample emissions are detected at a 
plurality of locations within each of a predetermined 
quantity of said plurality of sample wells. 

40 

5. The multilabel counting apparatus of claim 4, 
wherein said predetermined quantity of said plural- 
ity of sample wells is the total quantity of saki plu- 
rality of sample wells. 

45 

6. The multilabel counting apparatus of claim 1, 
wherein said moving mechanism is operable in a 
continuous manner whereby the relative positions 
of said sample holding stage, said source, and said 

so detector continuously change, and wherein said 
sample emissions are continuously detected by 
said detector 

7. The multilabel counting apparatus of claim 6, 
55 wherein said output signals of said detector are 

used by a microprocessor to form a bit map image 
of said sample. 
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8. The multilabel counting apparatus of claim 7, further 

comprising a display device for displaying said bit 
map image, wherein said display device is coupled 
to said microprocessor. 

9. The muttilabel counting apparatus of claim 1, 
wherein said focussed source radiation has a vari- 
able diameter. 

10. The multilabel counting apparatus of claim 1, 
wherein said focussed source radiation has a vari- 
able depth of focus. 

11. The multilabel counting apparatus of claim 1, 
wherein said source is a xenon flash lamp. 

12. The muttilabel counting apparatus of claim 1, 
wherein said source is a laser producing at least 
one wavelength. 

13. The multilabel counting apparatus of claim 1, 
wherein said detector is selected from the group 
consisting of a photomultiplier tube, a CCD array, a 
cooled CCD array, and a silicon photodiode. 

14. The multilabel counting apparatus of claim 1, 
wherein said first and second wavelength band se- 
lection systems are selected from the group con- 
sisting of prisms, diffraction gratings, short pass and 
long pass filters, variable filters, acousto-optic fil- 
ters, polarization dependent filters, interference fil- 
ters based on continuously varying film thickness, 
Fabrey-Ferot etalon tunable filters, tunable liquid 
crystal filters, common path interferometers, and 
SAG N AC interferometers. 

15. The multilabel counting apparatus of claim 1 , further 
comprising a filtering element interposed between 
said sample and said detector, said filtering element 
selected from the group consisting of bandpass fil- 
ters, notch filters, and polarization dependent filters. 

16. The multilabel counting apparatus of claim 1 , further 
comprising a neutral density filter interposed be- 
tween said sample and said detector. 

17. The multilabel counting apparatus of claim 1, 
wherein the emittance of said source is between 
250 and 750 nanometers. 

18. The multilabel counting apparatus of claim 1, 
wherein said sample is a gel. 

19. The muttilabel counting apparatus of claim 1, 
wherein said sample is a storage phosphor plate. 

20. The multilabel counting apparatus of claim 1, 
wherein said source is comprised of a plurality of 


individual sources. 

21. The multilabel counting apparatus of claim 1. further 
comprising a look-up table of operating parameters 

5 based on a set of user defined testing parameters, 
wherein said operating parameters include said first 
band of wavelengths for said illumination radiation 
and said sample emissbn detection wavelength 
band. 

10 

22. The multilabel counting apparatus of claim 2, further 
comprising a reagent dispensing mechanism for 
dispensing at least one reagent of a predetermined 
type and quantity into selected sample wells, 

15 wherein said source is disabled prior to dispensing 
said reagent, and wherein said detector is program- 
mable to allow emission detection at a predeter- 
mined time inten^al after activation of said reagent 
dispensing mechanism. 

20 

23. The multilabel counting apparatus of claim 1, 
wherein said first band of wavelengths has an ad- 
justable bandwidth and said wavelength band of 
sample emissions detected by said detector has an 

25 adjustable bandwidth. 

24. The multilabel counting apparatus of claim 2, 
wherein said focussed source radiation has suffi- 
cient beam diameter to illuminate a substantial por- 

30 tion of one of said sample wells, and wherein said 
detector has a plurality of pixels for detecting emis- 
sions from said substantial portion of said illuminat- 
ed sample well. 

35 25. The multilabel counting apparatus of claim 24, 
wherein each of said plurality of pixels outputs an 
individual output signal dependent upon the inten- 
sity of said emissions of a corresponding fragment 
of said substantial portion of said illuminated sam- 
40 pie well. 

26. The multilabel counting apparatus of claim 2, 
wherein said focussed source radiation has suffi- 
cient beam diameter to illuminate a substantial por- 

45 tion of one of said sample wells, and wherein said 
detector output signal is an average of said illumi- 
nated substantial portion. 

27. The multilabel counting apparatus of claim 1 , further 
50 comprising an incubator for maintaining said sam- 
ple at a predetermined temperature. 

28. The multilabel counting apparatus of claim 1 , further 
comprising a data processor for monitoring said de- 

55 tector output signals, wherein said data processor 
optimizes said detector output signals by varying 
said first band of wavelengths and varying said 
wavelength band of sample emissions detected by 
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said detector. 

29. An absorption monitoring apparatus, comprising: 

a sample holding stage; 
a source for illuminating a sample within said 
sample holding stage with radiation within a 
first band of wavelengths, wherein said first 
band of wavelengths is a subset of the emlt- 
tance of said source, said first band of wave- 
lengths selected by a first wavelength band se- 
lection system; 

at least one projection optic for focussing said 
radiation from said source onto a portion of said 
sample; 

a detector for detecting said illumination radia- 
tion passing through said sample, and wherein 
said detector generates a plurality of output sig- 
nals dependent upon the intensity of said 
passed illumination radiation; and 
a moving mechanism tor moving the relative 
positions of said sample holding stage, said 
source, and said detector, wherein said moving 
mechanism allows said detector to detect 
passed illumination radiation from a plurality of 
locations within said sample. 

30. The absorption monitoring apparatus of claim 29, 
wherein said sample is comprised of a multiple well 
microplate containing a plurality of sample wells. 

31. The absorption monitoring apparatus of claim 30, 
wherein said passed illumination radiation is detect- 
ed at a plurality of locations within each of a prede- 
termined quantity of said plurality of sample wells. 

32. The absorption monitoring apparatus of claim 29, 
wherein said moving mechanism is operable in a 
continuous manner whereby the relative positions 
of said sample holding stage, said source, and said 
detector continuously change, and wherein said 
passed illumination radiation is continuously detect- 
ed by said detector. 

33. The absorption monitoring apparatus of claim 32, 
wherein said output signals of said detector are 
used by a microprocessor to form a bit map image 
of said sample. 

34. The absorption monitoring apparatus of claim 33, 
further comprising a display device for displaying 
said bit map image, wherein said display device is 
coupled to said microprocessor. 

35. The absorption monitoring apparatus of claim 29, 
wherein said focussed source radiation has a vari- 
able diameter. 


36. The absorption monitoring apparatus of claim 29, 
wherein said focussed source radiation has a vari- 
able depth of focus. 

5 37. The absorption monitoring apparatus of claim 29, 
wherein said first wavelength band selection sys- 
tem is selected from the group consisting of prisms, 
diffraction gratings, short pass and long pass filters, 
variable filters, acousto-optic filters, polarization de- 

10 pendent filters, interference filters based on contin- 
uously varying film thickness, Fabrey-Perot etalon 
tunable filters, tunable liquid crystal filters, common 
path interferometers, and SAGNAC interferom- 
eters. 

IS 

38. The absorption monitoring apparatus of claim 29, 
further comprising a filtering element interposed be- 
tween said sample and said detector, said filtering 
element selected from the group consisting of band- 

20 pass filters, notch filters, and polarization depend- 
ent filters. 

39. The absorption monitoring apparatus of claim 29, 
further comprising a lock-up table of operating pa- 

25 rameters based on a set of user defined testing pa- 
rameters, wherein said operating parameters in- 
clude said first band of wavelengths for said illumi- 
nation radiation. 

30 40. The absorption monitoring apparatus of claim 30, 
further comprising a reagent dispensing mecha- 
nism for dispensing at least one reagent of a pre- 
determined type and quantity into selected sample 
wells. 

35 

41. The absorption monitoring apparatus of claim 30, 
wherein said focussed source radiation has suffi- 
cient beam diameter to illuminate a substantial por- 
tion of one of said sample wells, and wherein said 

40 detector has a plurality of pixels for detecting 
passed illumination radiation from said substantial 
portion of said illuminated sample well. 

42. The absorption monitoring apparatus of claim 41, 
45 wherein each of said plurality of pixels outputs an 

individual output signal dependent upon the inten- 
sity of said passed Illumination radiation of a corre- 
sponding fragment of said substantial portion of 
said illuminated sample well. 

50 

43. The absorption monitoring apparatus of claim 30, 
wherein said focussed source radiation has suffi- 
cient beam diameter to illuminate a substantial por- 
tion of one of said sample wells, and wherein said 

55 detector output signal is an average of said illumi- 
nated substantial portion. 

44. The absorption monitoring apparatus of claim 29, 
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further comprising an Incubator for maintaining said 
sample at a predetermined temperature. 

45. The absorption monitoring apparatus of claim 29, 
further comprising a second wavelength band se- 
lection system for determining the wavelength band 
of passed Illumination radiation detected by said de- 
tector. 

46. The absorption monitoring apparatus of claim 29, 
further comprising a neutral density filter interposed 
between said sample and said detector. 

47. An absorption monitoring apparatus, comprising: 

a sample holding stage; 

a source for illuminating a sample within said 

sample holding stage with radiation; 

at least one projection optic for focussing said 

radiation from said source onto a portion of said 

sample; 

a detector for detecting said illumination radia- 
tion passing through said sample, wherein a 
wavelength band selection system determines 
the wavelength band of passed illumination ra- 
diation detected by said detector, and wherein 
said detector generates a plurality of output sig- 
nals dependent upon the intensity of said 
passed illumination radiation; and 
a moving mechanism for moving the relative 
positions of said sample holding stage, said 
source, and said detector, wherein said moving 
mechanism allows said detector to detect 
passed illumination radiation from a plurality of 
locations within said sample. 

48. The absorption monitoring apparatus of claim 47, 
further comprising a neutral density filter interposed 
between said sample and said detector. 

49. A multllabel counting apparatus, comprising: 

a sample holding stage; 
a source for illuminating a sample within said 
sample holding stage with radiation within a 
first band of wavelengths, wherein said first 
band of wavelengths is a subset of the emit- 
tance of said source, said first band of wave- 
lengths selected by a first wavelength band se- 
lection system; 

at least one projection optic for focussing said 
radiation from said source onto a portion of said 
sample; 

a first detector for detecting emissions from 
said sample, wherein a second wavelength 
band selection system determines the wave- 
length band of sample emissions detected by 
said first detector, and wherein said first detec- 


tor generates a first plurality of output signals 
dependent upon the intensity of said emissions; 
a second detector for detecting said Illumina- 
tion radiation passing through said sample, and 
s wherein said second detector generates a sec- 

ond plurality of output signals dependent upon 
the intensity of said passed illumination radia- 
tion; and 

a moving mechanism for moving the relative 
10 positions of said sample holding stage, said 

source, said first detector, and said second de- 
tector, wherein said moving mechanism allows 
said first detector to detect emissions from a 
plurality of locations within said sample, and 
15 wherein said moving mechanism allows said 

second detector to detect passed illumination 
radiation from a plurality of locations within said 
sample. 

20 50. The multilabel counting apparatus of claim 49. 
wherein said sample Is comprised of a multiple well 
microplate containing a plurality of sample wells. 

51. The multllabel counting apparatus of claim 50, 
2S wherein said sample emissions and said passed il- 
lumination radiation are detected at a plurality of lo- 
cations within each of a predetermined quantity of 
said plurality of sample wells. 

30 52. The multllabel counting apparatus of claim 49. 
wherein said moving mechanism is operable in a 
continuous manner whereby the relative positions 
of said sample holding stage, said source, and said 
detector continuously change, and wherein said 
3S sample emissions and said passed illumination ra- 
diatbn are continuously detected by said detector. 

53. The multilabel counting apparatus of claim 49, 
wherein said focussed source radiation has a vari- 

40 able diameter. 

54. The multilabel counting apparatus of claim 49, 
wherein said focussed source radiation has a vari- 
able depth of focus. 

45 

55. The multilabel counting apparatus of claim 49, 
wherein said first and second wavelength band se- 
lection systems are selected from the group con- 
sisting of prisms, diffraction gratings, short pass and 

so long pass filters, variable filters, acousto-optic fil- 
ters, polarization dependent filters, interference fil- 
ters based on continuously varying film thickness, 
Fabrey-Perot etalon tunable filters, tunable liquid 
crystal filters, common path Interferometers, and 

ss SAG N AC interferometers. 

56. The multilabel counting apparatus of claim 49, fur- 
ther comprising a filtering element interposed be- 
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tween said sample and said first detector, said ft!- 
tering element selected from the group consisting 
of bandpass filters, notch filters, and polarization 
dependent filters. 

5 

57. The multilabel counting apparatus of claim 49, fur- 
ther comprising a filtering element interposed be- 
tween said sample and said second detector, said 
filtering element selected from the group consisting 

of bandpass filters, notch filters, and polarization io 
dependent filters. 

58. The multilabel counting apparatus of claim 49, fur- 
ther comprising a look-up table of operating param- 
eters based on a set of user defined testing param- '5 
eters, wherein said operating parameters include 
said first band of wavelengths for said illumination 
radiation and said sample emission detection wave- 
length band. 

20 

59. The multilabel counting apparatus of claim 50, fur- 
ther comprising a reagent dispensing mechanism 
for dispensing at least one reagent of a predeter- 
mined type and quantity into selected sample wells. 

25 

60. The multilabel counting apparatus of claim 50, 
wherein said focussed source radiation has suffi- 
cient beam diameter to illuminate a substantial por- 
tion of one of said sample wells. 

30 

61. The multilabel counting apparatus of claim 49, fur- 
ther comprising an incubator for maintaining said 
sample at a predetermined temperature. 

62. The multilabel counting apparatus of claim 49, fur- 3S 
ther comprising a neutral density filter interposed 
between said sample and said second detector. 
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